Current non-destructive elemental characterization methods, such as scanning electron microscopy-based energy dispersive spectroscopy (SEM-EDS) and micro X-ray fluorescence spectroscopy (MXRF), are limited to either elemental identification at the surface (SEM-EDS) or suffer from an inability to discriminate between surface or depth information (MXRF). Thus, a non-destructive elemental characterization of individual embedded particles beneath the surface is impossible with either of these techniques. This limitation can be overcome by using laboratory-based 3D confocal micro X-ray fluorescence spectroscopy (confocal MXRF). This technique utilizes focusing optics on the X-ray source and detector which allows for spatial discrimination in all three dimensions. However, the voxel-by-voxel serial acquisition of a 3D 
Introduction
Elemental identification of coatings, layers, particles, or contaminants is of great interest within many scientific disciplines, including chemistry, materials science, archaeology, paleontology and mineralogy. Several characterization techniques are available for qualitative elemental analysis of embedded particles. The choice of the appropriate technique for particle analysis depends on several factors such as analysis time, sample preservation, limits of detection, and spatial location of the region of interest within the sample (i.e., surface or subsurface). Destructive analytical methods may involve the chemical dissolution [1] or laser ablation [2] of a sample followed by analytical characterization techniques such as inductively coupled plasma mass spectrometry. [3] Often, non-destructive microscopy-based methods, such as scanning electron microscopy-based energy dispersive spectroscopy (SEM-EDS), are used to identify the elements comprising a sample. However, this method is restricted to the near surface (typically 1 to 5 μm, depending on sample composition) due to the short penetration depth,
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3 electron-matter interaction of exciting electrons, and attenuation of emitted x-ray photons by the sample material. Using this method to probe subsurface regions of interest typically requires destructive methods, such a focused ion beam (FIB) milling to access regions below the surface.
Characterization techniques based on X-ray excitation, such as micro X-ray fluorescence spectroscopy (MXRF), are capable of probing subsurface regions. In traditional MXRF, a polycapillary focusing lens is commonly employed to focus an X-ray tube source, limiting the excitation spot diameter on the sample to the range of ~20 μm to ~100 μm. However, there is no discrimination regarding the origin of the x-ray photons detected, making it impossible to differentiate between surface and subsurface x-ray fluorescent photons with this characterization technique.
The use of SEM operating in back-scattered electron (BSE) mode is prevalent within the mining community as a method for the automated analysis of individual mineralogical particles within standardized mineralogical molds. Termed mineral liberation analysis (MLA), this method uses an SEM equipped with a BSE detector and EDS which allows for the differentiation of unique mineral phases within a sample. MLA is a powerful tool for quick identification of mineral phases within small particles; however, one disadvantage of this technique is the inability to probe beneath the surface of the mineralogical molds in a non-destructive manner.
While a comprehensive survey of MLA is beyond the scope of this article, an informative review by Fandrich et al. can be found in reference [4] .
Both the depth discrimination limitation of MXRF and surface restriction limitation of SEM-EDS can be overcome by using confocal MXRF (also referred to in the literature as 3D
MXRF) [5] [6] [7] [8] [9] [10] , which is achieved by placing one polycapillary focusing lens on the X-ray source and another on the detector (Fig. 1 ). With these two optics arranged in a confocal geometry
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ACCEPTED MANUSCRIPT 4 (typically from 30° to 45° from the surface normal), it is then possible to spatially discriminate X-ray fluorescence emission in all three spatial directions. This is achieved by moving the region of interest of a sample into the confocal excitation/detection volume using a set of lateral XY stages and a vertical Z stage. The confocal geometry creates a spatially constricted ellipsoidal [11] or spherical [12] X-ray excitation/detection volume, which allows for the nondestructive elemental analysis of surface and subsurface regions of interest, such as stratified layers [8] , paint layers [13] , embedded metal-doped polymer layers [14, 15] , and lithium-ion battery cathodes. [16] However, one drawback of confocal MXRF is the time required to obtain full 3D elemental maps, which can vary from days to weeks, depending on the energy of the Xray source, sample composition, sample size, desired horizontal and vertical resolutions, and dwell time needed to obtain an appropriate signal-to-noise ratio. The analysis time of confocal MXRF can be significantly reduced by screening for particles of interest using micro-CT, as described below.
Micro X-ray computed tomography (micro-CT) is a non-destructive 3D imaging technique in which a series of X-ray projection radiographs are collected as the sample is rotated by at least 180°. These images are then mathematically reconstructed to yield a stack of 2D images, which can be rendered in 3D using visualization software. Such 3D images obtained disciplines, such as geoscience [17] , for the imaging of embedded features; material science, for the imaging of void structures within polymer foams [18, 19] ; in paleontology, for the imaging of fossilized embryos [20] ; and in mineral processing, for mineral exposure [21] and liberation [22, 23] analysis. A disadvantage of micro-CT is that it does not yield specific elemental information (which can be obtained from confocal MXRF); however, high absorption particles embedded in a low absorption matrix can easily be detected based on regions of concentrated high grayscale values.
Herein, we report the qualitative elemental analysis of particles of interest composed of high atomic number elements within packed mining tailings embedded in epoxy using laboratory-based confocal MXRF and laboratory-based micro-CT in an integrated manner. To date, this is the only known study integrating these two laboratory-based techniques for the application of mineral analysis. Full 3D data sets obtained by micro-CT provide a global inspection of the sample by identifying particles of interest based on X-ray attenuation. While this is not elemental information, it can serve as an indication of potential particles of interest given that the particle is embedded in mostly a low atomic number element matrix (e.g., silicate minerals). Fiducials are then placed on the surface of the sample to indicate the location of surface particles and the two dimensional location of subsurface particles. The sample was then transferred to the confocal MXRF instrument. The elemental signal of the fiducial markers (W and Au) allowed for rapid location of the particles of interest and their elemental identification.
Experimental

Procedure for Analysis
The analysis procedure is as follows: First, the mining tailings were embedded in the epoxy resin (described in Section 2.2) and micro-CT imaging was performed (described in Section 2.3). Micro-CT imaging was then repeated for the other epoxy-embedded mining tailing samples. From the micro-CT data, high Z particles of interest were identified by the particles' grayscale values and their locations were noted. Then, all seven epoxy-embedded mining tailings samples were embedded into a larger epoxy puck. This puck was then polished such that at least one Pt or Pb particle was present at the surface of the tailing specimen of interest. The surface of the puck was then analyzed by MLA (described in Section 2.4), providing both spatial location (SEM) and elemental identification (EDS) of the particles. The elemental identification via SEM-EDS was used as a control for the confocal MXRF analysis. Gold-plated tungsten wires were placed near the surface particle of interest and near the lateral position of the subsurface particle to aid in the alignment of the sample in the confocal MXRF microscope and to minimize the "scouting" time required to locate the particles with confocal MXRF.. The epoxy puck was then transferred to the confocal MXRF microscope and aligned using the gold-plated tungsten wires. The sample was then systematically scanned for the surface high Z particle of interest.
The confocal MXRF fluorescence signal from the surface particle was then compared to the MLA results. Once it was confirmed that the confocal MXRF and MLA results matched, the confocal MXRF procedure was repeated for the subsurface particle (described in Section 2.5).
Sample Preparation
A cylindrical sample of ~1.67 mm diameter and ~4 mm in height, consisting of mineral particles (ranging from 10 µm to 40 µm in diameter) embedded in epoxy resin, was prepared from mining tailings (Fig. 2) . Some of these mining tailing particles contained either Pt-or Pbbearing minerals. The sample was first imaged using micro-CT (described in the next section) to
identify the spatial location of high density particles of interest. Later, the sample was embedded into an epoxy puck of 30 mm diameter and ~17 mm height along with six other epoxy-embedded mining tailing samples. The surface of the puck was then polished until at least one Pt or Pb particle was present at the surface.
Micro X-ray Computed Tomography
Before embedding into the epoxy puck, the sample was imaged on an Xradia (now Carl The X-ray tomographic data was visualized and analyzed using Avizo Fire Edition version 8.0 software (FEI Visualization Sciences Group, Burlington, MA). Equivalent diameter and volume measurements of particles were calculated by segmenting the data set for the grayscale values corresponding to the particles of interest, and then applying a label field analysis to the binary segmented image data set. Volume renderings of the segmented images were generated using Avizo's Volume Rendering module.
Mineral Liberation Analysis
The mineral sample embedded in the polished epoxy puck was measured using MLA (details described elsewhere [4, 24] ) at Julius Kruttschnitt Mineral Research Centre (JKMRC, http://www.jkmrc.uq.edu.au/) to obtain an X-ray identification of the particles at the surface.
First, BSE micrographs were acquired of the high density particles on the surface followed by EDS X-ray spectra (data not shown). The elemental composition of one surface particle was determined by MLA to be tetraferroplatinum. To ensure rapid location of particles of interest with the confocal MXRF microscope, gold-plated tungsten wires, 25 µm in diameter, were used as fiducial markers and placed on the surface of the sample. SEM micrographs of samples containing these markers are shown in Figure 3 . The sample was then probed with the confocal MXRF microscope at Los Alamos National Laboratory (Los Alamos, NM), to identify the elemental composition of the chosen surface particle and compare with the results obtained with
MLA. In addition, subsurface particles were also chosen for elemental identification and studied with confocal MXRF.
Confocal Micro X-ray Fluorescence Spectroscopy
Confocal micro X-ray fluorescence spectroscopy was performed using a custom confocal MXRF microscope, which was developed jointly by Los Alamos National Laboratory and X-ray volume was determined to be 30 μm x 30 μm x 50 μm (~188,500 µm 3 , calculated as a prolate spheroid) from scans using a 10 μm-thick Ta foil using the Ta Lα X-ray emission line (8.14 keV); however, these dimensions will vary slightly depending on the X-ray fluorescent energy. [15] For the current study, confocal MXRF scans were performed using an accelerating Spectra were then acquired with the confocal MXRF excitation/detection volume centered over the particle of interest to confirm the elemental identification of the particle. The X-ray fluorescent energy regions of interest (ROI) and their energy ranges used in obtaining 2D
elemental maps are listed in Table 1 . Figure 3A shows a SEM micrograph of the surface of a portion of a mineral sample, ~1.67 mm in diameter, embedded in an epoxy puck. A gold-plated tungsten wire can be seen,
Results and Discussion
Spatial Location of Particles of Interest
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10 indicating the location of the particle on the surface of the mineral sample, designated as Particle A. This particle was identified by MLA as a tetraferroplatinum particle, as described earlier, and
is located approximately 100 μm from the tip of the gold-plated tungsten indicator wire. The lateral position of the subsurface particle of interest, designated as Particle B, is indicated by the gold-plated tungsten wire depicted in Figure 3B . Figure 4 is a set of micro-CT reconstructed slices arranged to highlight the surface location of Particle A and subsurface location of Particle B. Particle A can easily be seen on the surface slice. Particle B, which is located ~300 μm below the surface, can be seen on the depth slice. Particle B was identified as a particle of interest by its micro-CT grayscale value. This particle was also chosen for further characterization based on its depth beneath the surface; this depth was estimated to be within the limit of the confocal MXRF microscope detection depth for a high Z particle embedded within a mineral sample matrix. From the micro-CT data set, the 5C, 5F, and 5I). The W Lα X-ray fluorescent signal of Particle A's gold-plated tungsten indicator wire is clearly seen in Figure 5A and decreases in intensity as the sample is raised 25 μm ( Fig.   5B ) and 50 μm (Fig. 5C ). As noted in Table 1 Figures 5D, 5E, and 5F are Pt Lα energy ROI maps, recorded in the same spatial locations as Figures 5A , 5B, and 5C, respectively. As can be seen in Figure 5D , a Pt ROI signal (<140 counts) appears near the tip of the indicator wire. As the sample is raised 25 μm (Fig. 5E ), the Pt signal not only increases in intensity but also in area. The Pt signal intensity and area increases further as the sample is raised 50 μm (Fig. 5F ). Also, in Figures 5D, 5E , and 5F, Au Lα signal can be seen (originating from the gold-plated tungsten indicator wire) due to the overlap of the Pt Lα energy ROI and Au Lα energy ROI overlap (Table 1) .
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Figures 5G, 5H, and 5I show the Fe Kα signal from the same location of the Pt Lα signal shown in Figures 5D, 5E , and 5F, respectively. As with the Pt signal discussed above, the Fe Kα signal increases in intensity and area as the sample is raised 25 μm (Fig. 5H ) and 50 μm (Fig. 5I ).
This result confirms the presence of both Pt and Fe in the same spatial location, consistent with MLA results confirming the presence of a tetraferroplatinum particle.
While the spatial location and elemental information of Particle A has been obtained by MLA, the 2D elemental maps (Fig. 5A-5I ) obtained by confocal MXRF indicate that a portion of Particle A is below the surface of the mineral sample. This observation is confirmed by micro-CT ( Fig. 6 ), where it is clearly seen that the majority of the volume of Particle A extends ~17 μm into the surface of the mineral sample.
One limitation of the current confocal MXRF microscope operating software is that spectral information is not recorded during 2D scans. While the 2D Pt Lα energy ROI maps presented in Figures 5D, 5E , and 5F indicate the presence of Pt within Particle A, spectral information is needed to confirm the presence of Pt within Particle A. The presence of Pt in Particle A was confirmed by moving the sample so that Particle A was centered within the confocal MXRF excitation/detection volume then recording a depth profile of the Pt Lα energy ROI at this location (Fig. 7A ). This depth profile was recorded using 3 μm step sizes with a dwell time of 10 s per step. As can be seen from this depth profile, the Pt Lα energy ROI signal begins to increase at approximately 20 μm above the surface, which can be attributed to the difficultly of defining the "surface" of a sample using confocal MXRF. This difficulty arises from the geometry of the excitation/detection volume, which is the shape of a prolate spheroid.
As the sample is raised, the edge of the excitation/detection volume comes into contact with the at depths greater than 100 μm below the surface in the depth profile (Fig. 7A) can be attributed to X-ray scattering from the epoxy puck within the Pt Lα ROI.
An X direction (i.e., the direction parallel to the optics plane) line scan of the Pt Lα energy ROI is provided in Figure 8A . The line scan was recorded at a depth of 50 μm below the surface, with 3 μm step sizes and a dwell time of 10 s per step. A confocal MXRF spectrum was recorded at an X position of 50 μm, presented in Figure 8B . The spectrum confirms not only the presence of Pt within Particle A, but also Cu (as seen in Figs. 5A , 5B, and 5C), Fe (as seen in
Figs. 5G, 5H, and 5I), Cr, and Ni either within Particle A or the surrounding matrix. (Fig 10B) , and 375 μm (Fig. 10C) below the "surface" (here, the surface is referring to the point at which the maximum intensity of the gold-plated tungsten indicator wire is observed using confocal MXRF). As can be seen in Figure 10A , a small area emits a Pt Lα energy ROI signal of roughly 18 counts. This region increases in area as the sample is raised 25 μm (Fig. 10B) , then decreases in area and intensity as the sample is raised to 375 μm below the surface (Fig. 10C) . Another significant elemental fluorescent signal is observed for the Pb Lα energy ROI, as can be seen in Figures   10D, 10E , and 10F. The Pb Lα energy ROI signal increases in both intensity and area when the sample is raised from 325 μm below the surface (Fig. 10D ) to 350 μm below the surface (Fig.   10E ). Raising the sample, so that the confocal MXRF excitation/detection volume is located 375 μm below the surface, results in a decrease in the Pb Lα energy ROI signal, as seen in Figure   10F .
Embedded -Particle B
To confirm both the presence of Pt and Pb within Particle B, a confocal MXRF spectrum was recorded at the location of Particle B, at a distance of 350 μm below the surface (corresponding to the location in Figures 10B and 10E ). The spectrum, presented in Figure 11 ,
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15 was acquired using a 900 s dwell time. While the duration of the data acquisition is relatively long compared to the acquisition time of the spectra presented in Figure 7B , the resulting spectrum exhibits distinct peaks corresponding to Pt Lα and Pt Lβ X-ray fluorescent energies, as well as Pb Lα and Pb Lβ fluorescent X-ray energies. These peaks confirm the presence of both Pt and Pb within Particle B. In addition, X-ray fluorescent peaks are observed for Cr, Fe, Ni, and
Cu within the location of Particle B.
Confocal MXRF Detection Limits
Using Particle B, the sensitivity of the confocal MXRF microscope in the analysis of highly heterogeneous samples can be approximated. The minimum detection limit (MDL) of the confocal MXRF microscope is obtained by calculating the standard deviation of Poisson statistics which is equal to the square root of the ROI intensity. It is the amount of analyte that gives a net fluorescence intensity which is three times the standard deviation of the background.
Here, the amount could be concentration (%) for infinitely thick samples or mass (g) for particulate samples. The correlative technique allows us to directly estimate the mass of particulates. This effort is done to provide a contextual discussion point for potential quantitative confocal MXRF measurements.
Assuming the mass concentration is given by Ci, the MDL i can be defined using Equation
2, Equation 2
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where I is the net intensity of the fluorescence energy ROI (for the Pt Lα ROI, this is equal to 461 counts) and σB is the standard deviation of the background. For an integration time of 900 s, the upper limit of the MDL for a Pt particle (Particle B) is estimated to be 0.14Ci. The mass, m i , of the analyte can be estimated from Equation 3.
Equation 3
The volume (V i ) of the analyte can be obtained from the micro-CT data and, assuming that the element of interest is solely located within the particle, does not require the knowledge of the confocal MXRF excitation/detection volume. The volume of Particle B, measured using micro-CT, was estimated to be 3875 m 3 .The exact composition of Particle B is not known; however, if we assume a pure Pt particle with density (ρi) of 21.5 g cm -3 and the volume of Particle B obtained by micro-CT, the mass of Pt is calculated to be 83 ng. Taking this value as Ci and substituting into Equation 2 implies that the upper limit of the MDL is 11.6 ng for Pt. This corresponds to a fully dense Pt particle with a volume of 541 μm 3 and equivalent diameter of 10.1 μm. Similarly, the assumption that the particle is tetraferroplatinum (with ρi equal to 14.5 g cm -3 and 78 % mass fraction of Pt) implies an upper limit of the minimum detection limit of 6.0 ng for Pt. Similar MDL calculations cannot be performed for the Fe content, since the Fe signal is also obtained from the surrounding matrix within the confocal excitation/detection volume.
If we assume that Particle B is pure Pb, with ρi equal to 11.34 g cm -3 the upper limit of the MDL for Pb is calculated to be 2.4 ng. This corresponds to a Pb particle with a volume of 215 μm 3 and equivalent diameter of 7.4 μm.
As can be seen from the spectrum in Figure 11 , several elements other than Pt and Pb are detected within the confocal excitation/detection volume surrounding Particle B, such as Fe, Ni, Cu, and Cr. Without calibrated micro-CT data, individual particles containing these elements were not identified. However, a conservative upper limit for these elements can be calculated if we assume a confocal excitation/detection volume of 30 μm x 30 μm x 50 μm (188,500 μm 3 ) and assume that this volume is entirely fully dense for each detected element, Fe, Ni, Cu or Cr. The confocal MXRF excitation/detection volume will certainly change with the X-ray fluorescence energy; however, for discussion purposes this volume will be used to calculate conservative upper limits of the MDL for each element. With these assumptions, the calculated minimum detection limits of these elements are displayed in Table 2 . Of note is the calculated MDL for Fe at 51.3 ng, which arises from the intensity of the Fe Kα peak observed in Figure 11 . These first order approximations demonstrate that this correlative technique possesses a micrometer level sensitivity and nanogram level MDL in a relatively short acquisition time of 15 min.
Several caveats must be understood though when approximating an MDL for confocal MXRF and may not be directly comparable from one instrument to the next. 1) The signal from subsurface particles will be reduced by the overlying material. Even a low density aerogel exhibits this phenomenon. [25] Based upon our first order estimates given above, the MDL will be even lower for particles closer to the surface.
2) The excitation energy of the X-ray tube will affect the efficiency in which the analyte will fluoresce; X-ray tubes of differing anode material will produce different excitation efficiencies. 3) Instrument geometry will affect depth of signal measurements. The confocal MXRF instrument highlighted here has optics positioned 30 o from the surface normal. An instrument with 45 o optics will have a lower sensitivity at depth due to a longer path length to the surface of the sample. 4) The polycapillary optics act as a low pass
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18 energy filter. The energy transmission of the optics used in this study is reduced above ~ 15 keV.
Finally, 5) the conservative estimations of the MDLs are based on counting statistics. That is, the net intensity of an element's fluorescent signal is considered and directly affects the estimation of the MDL (see Eqn. 2); therefore, the MDL estimation should be considered spectrum-specific.
Conclusions and Future Outlook
We have demonstrated that it is possible to non-destructively detect and elementally identify high Z particles of interest, up to ~300-350 μm below the surface, by integrating laboratory-based micro X-ray computed tomography for rapid location and laboratory-based confocal micro X-ray fluorescence spectroscopy for rapid elemental identification. Micro-CT allows the identification of the spatial locations of high Z particles within a low Z matrix with micrometer level resolution, non-destructively, by simply identifying localized regions of high X-ray attenuation. The confocal MXRF microscope allows these particles of interest to be analyzed for elemental composition. A significant aspect of this demonstration is the confocal MXRF instrument itself, which allows for spatial discrimination of elemental fluorescent signals, at significant depths beneath the surface of a sample.
We have also provided a method for determining conservative estimates of minimum detection limits. By stating several assumptions, we have used data from confocal MXRF spectra and from micro-CT tomograms to provide upper limits on the sensitivity that can be expected from this particular analysis. A more rigorous approach would be to validate this technique using standard materials, which could be the topic for a follow-up study.
The confocal MXRF microscope used in this work utilized an Ag source and a Si-PIN photodiode Amptek detector with a confocal volume of approximately 30 μm x 30 μm x 50 μm.
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However, significant progress has been made in both polycapillary and X-ray detector technology. Currently, confocal excitation/detection volumes of ~20 μm x 20 μm x 20 μm and below [26] can be routinely achieved which increases the flux density at the sample. For detection of fluorescence X-rays between 6 keV to12 keV, the utilization of a Mo source would be more useful than a Ag source. The Mo lines are more efficiently generated in the source X-ray tube for a given applied voltage and are more efficiently absorbed by either K or L edges of elements of interest which leads to higher fluorescence intensities. Additionally, Mo sources can be operated at higher power (50 W), when compared to Ag sources (25 W), leading to higher flux and shorter integration times for equivalent statistics. State-of-the-art silicon drift detectors would also lead to shorter integration times, compared to a Si-PIN photodiode detector.
Combining these, it is estimated that over an order of magnitude improvement in throughput can be obtained (~15X to 25X) depending on the sample and the depth of the particle studied. Such a large improvement is expected to allow for detection of elements of mass of ~100 pg (~2 μm particle of Pb) or better for reasonable integration times of about one hour. For particles closer to the surface, picogram level sensitivities can be expected. 
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In this study, we chose to analyze mineralogical samples containing high Z particles in a low Z matrix: the deepest particle probed was ~350 μm from the surface. Extrapolation of the data suggests that particles up to ~750 μm deep can easily be studied. Depending upon the packing fraction of the particles, this implies a sample of ~1.5 to 4 mm in diameter. This is made possible due to matrix absorption of fluorescent X-rays of interest being very small. For biological samples composed of much lower densities, up to 10 mm diameter samples could be studied.
This methodology can easily be extended to include the analyses of samples containing high Z particles in a high Z matrix and samples with low Z particles in low Z matrix. In these cases, high absorption of fluorescent X-rays of interest by the matrix may limit the probing depths within the samples, sometimes significantly. In such cases, one would require particles of interest to be present at or near the surface for confocal MXRF analysis. The study of samples containing low Z particles in a low Z matrix imposes an additional constraint in that the experiment must be conducted in vacuum (unlike air for the current study) to mitigate the absorption of fluorescent X-rays in air. This is easily achieved and such an instrument is currently being designed at Los Alamos National Laboratory.
This non-destructive analysis at depth, which cannot be accomplished with either SEMbased EDS or with conventional MXRF, shows significant promise for the characterization of samples embedded in other interesting environments, such as actinides or toxic elements within soil samples. This study has shown that this correlative technique can open new avenues of research in the fields of materials science, biology, toxicology and mining, to name a few.
Acknowledgements
A C C E P T E D M A N U S C R I P T A C C E P T E D M A N U S C R I P T FIGURE CAPTIONS Figure 1 . Schematic of the confocal micro X-ray fluorescence microscope. Source X-rays (blue) are focused onto the sample using a polycapillary focusing optic Detected X-rays (red) travel through a polycapillary optic that is placed on the detector. A significant portion of fluorescent X-rays (green) do not reach the detector. Figure 2 : Samples of mineral particles containing Pt and Pb bearing minerals embedded in epoxy. These samples were imaged using an Xradia MicroXCT prior to embedding them in a larger epoxy puck. Table 1 ); additionally, a Au signal can be seen in D-F due to overlap of the Au Lα with Pt Lα energy ROIs. This highlights the need for spectral imaging when generating 2D confocal MXRF maps. Figure 6 . Micro-CT reconstructed slices and volume rendering (red) of the region surrounding Particle A, highlighting that the majority of the particle is located beneath the surface. Inset: A micro-CT reconstructed slice of the region surrounding Particle A (red), as viewed from the top-down. Figure 7 . A) A confocal MXRF depth profile of Pt Lα ROI signal using 3 μm steps in the Z direction with a dwell time of 10 s per step for Particle A. B) Confocal MXRF spectra of Particle A as a function of Z depth. Spectra were acquired by raising the sample towards the polycapillary optics (Z direction) using a 25 μm step size and a 100 s dwell time per step. Signal from the sample begins at a Z depth of -25 μm due to the confocal MXRF excitation/detection volume at the edge of the surface. A peak at 9.43 keV, corresponding to Pt Lα, emerges at a Z depth of 0 μm and becomes more prominent at Z depths of 25 and 50 μm, along with the emergence of a peak at 11.03 keV, corresponding to Pt Lβ, at these depths. Both peaks begin to diminish at a Z depth of 75 um, with no signal being observed 100 μm below the surface. 
